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CHAMBER CLEANING VIA RAPID THERMAL 
PROCESS DURING A CLEANING PERIOD 



10 



BACKGROUND OF THE INVENTION 

15 

Field of the Invention 

The present invention relates generally to the field of 
semiconductor manufacturing. More specifically, the present 
invention relates to an improved chamber cleaning method via a rapid 
20 thermal process during the cleaning period. 



Description of the Related Art 

An important way to improve quality and overall efficiency 
25 in fabricating devices is to clean the chamber effectively and 
economically. During processing, reactive gases released inside the 
process chamber form layers such as silicon oxides or nitrides on the 
surface of a substrate being processed. Undesirable deposition occurs 
elsewhere in the process apparatus, such as in the area between the 



gas mixing box and gas distribution manifold. Undesired residues also 
may be deposited in or around the exhaust channel, the liners and 
walls of the process chamber during such processes. Over time, 
failure to clean the residue from the process apparatus often results in 
5 degraded, unreliable processes and defective substrates. Without 
frequent cleaning procedures, impurities from the residue built-up in 
the process apparatus can migrate onto the substrate. The problem of 
impurities causing damage to the devices on the substrate is of 
particular concern with today's increasingly small device dimensions. 
10 Thus, process system maintenance is important for the smooth 
operation of substrate processing, as well as resulting in improved 
device yield and better product performance. 

Frequently, periodic chamber cleaning between processing 
15 of every N substrates is desired to improve process system 
performance in producing high quality devices. Providing an efficient, 
non-damaging clean of the chamber and/or substrate often is able to 
enhance performance and quality of the devices produced. Two 
methods of cleaning a process chamber in the art are in-situ cleaning 
20 (also known as dry-etch cleaning) and wet cleaning. 

In an in-situ cleaning operation, process gases are 
evacuated from the process chamber and one or more cleaning gases 
are introduced. Energy is then applied to promote a reaction between 
25 the gases and any residues which may have accumulated on the 
process chamber's interior surfaces. Those residues react with the 
cleaning gases, forming gaseous by-products which are then exhausted 
from the process chamber, along with non-reacted portions of the 
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cleaning gases. The cleaning process is followed by the resumption of 
normal wafer processing. 

In contrast to an in-situ cleaning procedure, in which the 
5 process chamber remains sealed, a wet cleaning procedure is 
performed by breaking the process chamber's vacuum seal and 
manually wiping down the chambers interior surfaces. A wet cleaning 
procedure is normally performed to remove residues which are not 
entirely removed by the in-situ cleaning process, and thus slowly 
10 accumulate over time. A solvent is sometimes used to dissolve these 
residues. Once cleaned, the process chamber is sealed and normal 
processing is resumed. 

Unfortunately, such cleaning operations affect a substrate 
15 processing system's throughput in a variety of ways. For example, 
system throughput is reduced by the time involved in performing 
cleaning operations. In an in-situ cleaning process, time is spent 
evacuating process gases from, and introducing/evacuating the 
cleaning gases into/from the process chamber. Flow rates, plasma 
20 power levels, temperature, pressure, and other cleaning process 
conditions must also be reset to desired levels after the cleaning 
process is completed. When a wet clean is performed, opening the 
process chamber and physically wiping the chamber's interior surfaces 
results in even more downtime because the process must subsequently 
25 be re-stabilized. It is thus desirable to reduce the frequency with 
which such cleaning operations are performed. 
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Additionally, frequent cleaning operations tend to increase 
wear on the process chamber components. For example, in-situ 
cleaning is typically performed using fluoridated carbons (e.g., 
CF.sub.4, C.sub.2 or F.sub.6) or similar fluorine-containing gases (e.g., 
5 NF.sub.3) due to their highly reactive nature. Unfortunately, exposure 
to plasmas created from such gases often causes the deterioration of 
process chamber components. This increased wear can lead to 
component failure; thereby causing extended downtime, and adversely 
affecting processing system throughput. 

10 

The use of reactive gases in cleaning process chambers, 
however, also suffers from a further disadvantage. The same radicals 
that provide desirable cleaning characteristics may themselves cause 
the formation of residues. For example, the use of such gases can 

15 cause the accumulation of polymer residues, which also exhibit 
undesirable qualities. The addition of oxygen to the cleaning process 
gas may reduce the formation of such polymer residues. In particular, 
ozone or an oxygen/ozone mixture may provide the desired reduction 
in polymer formation while speeding the cleaning process, due to 

20 ozone's greater reactivity. 

Another example of residues generated by cleaning gases is 
the cleaning residues often formed by the use of fluoridated 
compounds in certain cleaning processes. These compounds may 
25 react with the aluminum or anodized aluminum which makes up many 
of the standard process chamber's components to form an aluminum 
fluoride residue on the interior surfaces of the chamber and the 
chamber's components. The reaction between the aluminum and the 
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fluorine-containing compounds often occurs because the residues 
within the process chamber vary in thickness and therefore have 
different cleaning times. Thus, certain areas of the process chamber's 
interior may become residue-free (i.e., exposed) before others, 
resulting in the formation of an aluminum fluoride residue on the 
exposed portions of the chamber's interior. 

Therefore, the prior art is deficient in the lack of effective 
means of cleaning a process chamber in chemical vapor deposition 
(CVD) or etching processes. In particular, the cleaning means should 
be capable of removing the residues created during substrate 
processing operations, while reducing or eliminating the subsequent 
formation of cleaning residues such as polymers and aluminum 
fluoride. Specifically, the prior art is deficient in the lack of effective 
means of chamber cleaning via rapid thermal process during the 
cleaning period. The present invention fulfills these long-standing 
needs and desires in the art. 

SUMMARY OF THE INVENTION 

In one embodiment of the present invention there is 
provided a method for cleaning a process chamber, comprising the 
steps of introducing at least one cleaning gas to the process chamber; 
and employing a rapid heating module located in the process chamber, 
wherein the rapid heating module increases the temperature of 
chamber parts and improves the surface temperature uniformity of 
chamber parts when the module is turned on, thereby assisting the 

5 
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cleaning activity of the cleaning gas such that the process chamber is 
cleaned. 

In one embodiment of the present invention there is 
5 provided a method for cleaning a process chamber, comprising the 
steps of introducing at least one halogen-containing gas to the process 
chamber; and employing a rapid heating module located in the process 
chamber, wherein the rapid heating module comprises a high power 
lamp assembly, a resistive heater assembly, an inductive heater 
10 assembly, or a combination of two or more of the assemblies, wherein 
the rapid heating module increases the temperature of chamber parts 
and improves the surface temperature uniformity of chamber parts 
when the module is turned on, thereby assisting the cleaning activity 
of the cleaning gas such that the process chamber is cleaned. 

15 

In one embodiment of the present invention there is 
provided a method for cleaning a process chamber, comprising the 
steps of introducing at least one fluorine-containing gas to the process 
chamber; and employing a rapid heating module located in the process 

20 chamber, wherein the rapid heating module comprises a high power 
lamp assembly placed at the bottom of the process chamber, a 
resistive heater assembly or an inductive heater assembly embedded in 
the chamber wall next to the liners, or a combination of two or more 
of the assemblies, wherein the rapid heating module increases the 

25 temperature of chamber parts and improves the surface temperature 
uniformity of chamber parts when the module is turned on, thereby 
assisting the cleaning activity of the cleaning gas such that the process 
chamber is cleaned. 
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In another embodiment of the present invention there is 
provided a method for cleaning a process chamber, comprising the 
steps of introducing at least one precursor gas to the process 
chamber; applying a plasma to the precursor gas in the process 
5 chamber, wherein the plasma activates the precursor gas to generate 
reactive species; and employing a rapid heating module located in the 
process chamber, wherein the rapid heating module increases the 
temperature of chamber parts and improves the surface temperature 
uniformity of chamber parts when the module is turned on, thereby 
10 assisting the cleaning activity of the reactive species such that the 
process chamber is cleaned. 

In another embodiment of the present invention there is 
provided a method for cleaning a process chamber, comprising the 

15 steps of introducing at least one halogen-containing gas to the process 
chamber; applying a plasma to the halogen-containing gas in the 
process chamber, wherein the plasma activates the halogen-containing 
gas to generate reactive species; and employing a rapid heating 
module located in the process chamber, wherein the rapid heating 

20 module comprises a high power lamp assembly, a resistive heater 
assembly, an inductive heater assembly, or a combination of two or 
more of the assemblies, wherein the rapid heating module increases 
the temperature of chamber parts and improves the surface 
temperature uniformity of chamber parts when the module is turned 

25 on, thereby assisting the cleaning activity of the reactive species such 
that the process chamber is cleaned. 
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In another embodiment of the present invention there is 
provided a method for cleaning a process chamber, comprising the 
steps of introducing at least one fluorine-containing gas to the process 
chamber; applying a plasma to the fluorine-containing gas in the 
5 process chamber, wherein the plasma activates the fluorine-containing 
gas to generate reactive species; and employing a rapid heating 
module located in the process chamber, wherein the rapid heating 
module comprises a high power lamp assembly placed at the bottom 
of the process chamber, a resistive heater assembly or an inductive 

10 heater assembly embedded in the chamber wall next to the liners, or a 
combination of two or more of the assemblies, wherein the rapid 
heating module increases the temperature of chamber parts and 
improves the surface temperature uniformity of chamber parts when 
the module is turned on, thereby assisting the cleaning activity of the 

15 reactive species such that the process chamber is cleaned. 

In yet another embodiment of the present invention there 
is provided a method for cleaning a process chamber, comprising the 
steps of introducing at least one precursor gas to a remote chamber, 

20 wherein the remote chamber is connected to the interior of the 
process chamber; applying a plasma to the precursor gas in the 
remote chamber wherein the plasma activates the precursor gas to 
generate reactive species; introducing the reactive species to the 
process chamber; and employing a rapid heating module located in the 

25 process chamber, wherein the rapid heating module increases the 
temperature of chamber parts and improves the surface temperature 
uniformity of chamber parts when the module is turned on, thereby 
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assisting the cleaning activity of the reactive species such that the 
process chamber is cleaned. 

In yet another embodiment of the present invention there 
5 is provided a method for cleaning a process chamber, comprising the 
steps of introducing at least one halogen-containing gas to a remote 
chamber, wherein the remote chamber is connected to the interior of 
the process chamber; applying a plasma to the halogen-containing gas 
in the remote chamber wherein the plasma activates the halogen- 

10 containing gas to generate reactive species; introducing the reactive 
species to the process chamber; and employing a rapid heating module 
located in the process chamber, wherein the rapid heating module 
comprises a high power lamp assembly, a resistive heater assembly, an 
inductive heater assembly, or a combination of two or more of the 

15 assemblies, wherein the rapid heating module increases the 
temperature of chamber parts and improves the surface temperature 
uniformity of chamber parts when the module is turned on, thereby 
assisting the cleaning activity of the reactive species such that the 
process chamber is cleaned. 

20 

In yet another embodiment of the present invention there 
is provided a method for cleaning a process chamber, comprising the 
steps of introducing at least one fluorine-containing gas to a remote 
chamber, wherein the remote chamber is connected to the interior of 
25 the process chamber; applying a plasma to the fluorine-containing gas 
in the remote chamber wherein the plasma activates the fluorine- 
containing gas to generate reactive species; introducing the reactive 
species to the process chamber; and employing a rapid heating module 
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located in the process chamber, wherein the rapid heating module 
comprises a high power lamp assembly placed at the bottom of the 
process chamber, a resistive heater assembly or an inductive heater 
assembly embedded in the chamber wall next to the liners, or a 
5 combination of two or more of the assemblies, wherein the rapid 
heating module increases the temperature of chamber parts and 
improves the surface temperature uniformity of chamber parts when 
the module is turned on, thereby assisting the cleaning activity of the 
reactive species such that the process chamber is cleaned. 

10 

Other and further aspects, features, and advantages of the 
present invention will be apparent from the following description of 
the embodiments of the invention given for the purpose of disclosure. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

So that the matter in which the above-recited features, 
advantages and objects of the invention, as well as others which will 

20 become clear, are attained and can be understood in detail, more 
particular descriptions of the invention briefly summarized above may 
be had by reference to certain embodiments thereof which are 
illustrated in the appended drawings. These drawings form a part of 
the specification. It is to be noted, however, that the appended 

25 drawings illustrate embodiments of the invention and therefore are 
not to be considered limiting in their scope. 
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Figure 1 shows an AKT CVD-5500 chamber wall and liner 
temperature measurement. One eighth inch thick ceramic spacers 
were added between the liners and wall. Heat transfer and liner 
temperature was studied. 

5 

Figure 2 shows a schematic drawing of a rapid thermal 
process (RTP) module installed in a process chamber. The RTP module 
can be a resistive heater assembly, a high-power lamp array, or a 
combination of both. 

10 

Figure 3 shows a schematic drawing of a rapid thermal 
process (RTP) module installed in a process chamber, wherein remote 
plasma source cleaning (RPSC) is employed to assist the cleaning. The 
RTP module can be a resistive heater assembly, a high-power lamp 
15 array, or a combination of both. 

DETAILED DESCRIPTION OF THE INVENTION 

20 In one embodiment of the present invention there is 

provided a method for cleaning a process chamber, comprising the 
steps of introducing at least one cleaning gas to the process chamber; 
and employing a rapid heating module located in the process chamber, 
wherein the rapid heating module increases the temperature of 

25 chamber parts and improves the surface temperature uniformity of 
chamber parts when the module is turned on, thereby assisting the 
cleaning activity of the cleaning gas such that the process chamber is 
cleaned. 
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Specifically, the cleaning gas may be a fluorine-containing 
gas, a chlorine-containing gas or a halogen-containing gas. 
Representative examples of fluorine-containing gas include HF, F.sub.2, 
NF.sub.3, SF.sub.6, C.sub.2 F.sub.6, CF.sub.4, and C.sub.3F.sub.8. The 
5 rapid heating module may be a high power lamp assembly placed at 
the bottom of the chamber, a resistive heater or an inductive heater 
assembly embedded in the chamber wall next to the liner, or a 
combination of any two or three. The process chamber may be a CVD 
or etch chamber. 

10 

In one embodiment of the present invention there is 
provided a method for cleaning a process chamber, comprising the 
steps of introducing at least one cleaning gas to the process chamber; 
and employing a rapid heating module located in the process chamber, 

15 wherein the rapid heating module comprises a high power lamp 
assembly, a resistive heater assembly, an inductive heater assembly, or 
a combination of two or more of the assemblies, wherein the rapid 
heating module increases the temperature of chamber parts and 
improves the surface temperature uniformity of chamber parts when 

20 the module is turned on, thereby assisting the cleaning activity of the 
cleaning gas such that the process chamber is cleaned. Specifically, 
the halogen-containing gas may be a fluorine-containing gas or a 
chlorine-containing gas. Representative examples of the fluorine- 
containing gas include HF, F.sub.2, NF.sub.3, SF.sub.6, C.sub.2 F.sub.6, 

25 CF.sub.4, and C.sub.3F.sub.8. The process chamber may be a CVD or 
etch chamber. 
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In one embodiment of the present invention there is 
provided a method for cleaning a process chamber, comprising the 
steps of introducing at least one cleaning gas to the process chamber; 
and employing a rapid heating module located in the process chamber, 
5 wherein the rapid heating module comprises a high power lamp 
assembly placed at the bottom of the process chamber, a resistive 
heater assembly or an inductive heater assembly embedded in the 
chamber wall next to the liners, or a combination of two or more of 
the assemblies, wherein the rapid heating module increases the 
10 temperature of chamber parts and improves the surface temperature 
„ uniformity of chamber parts when the module is turned on, thereby 
assisting the cleaning activity of the cleaning gas such that the process 
J chamber is cleaned. Representative examples of the fluorine- 
FU containing gas and the process chamber are as disclosed supra. 

In another embodiment of the present invention there is 
't\ provided a method for cleaning a process chamber, comprising the 
£ steps of introducing at least one precursor gas to the process 
M chamber; applying a plasma to the precursor gas in the process 
20 chamber, wherein the plasma activates the precursor gas to generate 
reactive species; and employing a rapid heating module located in the 
process chamber, wherein the rapid heating module increases the 
temperature of chamber parts and improves the surface temperature 
uniformity of chamber parts when the module is turned on, thereby 
25 assisting the cleaning activity of the reactive species such that the 
process chamber is cleaned. The precursor gas may be the same as 
disclosed supra. The rapid heating module may comprise those 
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assemblies and optionally in those combinations also disclosed supra. 
The process chamber may be a CVD or etch chamber. 

In another embodiment of the present invention there is 
5 provided a method for cleaning a process chamber, comprising the 
steps of introducing at least one halogen-containing gas to the process 
chamber; applying a plasma to the halogen-containing gas in the 
process chamber, wherein the plasma activates the halogen-containing 
gas to generate reactive species; and employing a rapid heating 

10 module located in the process chamber, wherein the rapid heating 
module comprises a high power lamp assembly, a resistive heater 
assembly, an inductive heater assembly, or a combination of two o r 
more of the assemblies, wherein the rapid heating module increases 
the temperature of chamber parts and improves the surface 

15 temperature uniformity of chamber parts when the module is turned 
on, thereby assisting the cleaning activity of the reactive species such 
that the process chamber is cleaned. Representative examples of the 
halogen-containing gas and the process chamber are as disclosed 
supra. The rapid heating module may be located as disclosed supra. 

20 

In another embodiment of the present invention there is 
provided a method for cleaning a process chamber, comprising the 
steps of introducing at least one fluorine-containing gas to the process 
chamber; applying a plasma to the fluorine-containing gas in the 
25 process chamber, wherein the plasma activates the fluorine-containing 
gas to generate reactive species; and employing a rapid heating 
module located in the process chamber, wherein the rapid heating 
module comprises a high power lamp assembly placed at the bottom 
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of the process chamber, a resistive heater assembly or an inductive 
heater assembly embedded in the chamber wall next to the liners, or a 
combination of two or more of the assemblies, wherein the rapid 
heating module increases the temperature of chamber parts and 
5 improves the surface temperature uniformity of chamber parts when 
the module is turned on, thereby assisting the cleaning activity of the 
reactive species such that the process chamber is cleaned. 
Representative examples of the fluorine-containing gas and the 
process chamber are as disclosed supra. 

10 

In yet another embodiment of the present invention there 
is provided a method for cleaning a process chamber, comprising the 
steps of introducing at least one precursor gas to a remote chamber, 
wherein the remote chamber is connected to the interior of the 

15 process chamber; applying a plasma to the precursor gas in the 
remote chamber wherein the plasma activates the precursor gas to 
generate reactive species; introducing the reactive species to the 
process chamber; and employing a rapid heating module located in the 
process chamber, wherein the rapid heating module increases the 

20 temperature of chamber parts and improves the surface temperature 
uniformity of chamber parts when the module is turned on, thereby 
assisting the cleaning activity of the reactive species such that the 
process chamber is cleaned. The precursor gas may be the same as the 
gases disclosed supra. The rapid heating module may comprise those 

25 assemblies and optionally in those combinations also disclosed supra. 
The process chamber may be a CVD or etch chamber. 
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In yet another embodiment of the present invention there 
is provided a method for cleaning a process chamber, comprising the 
steps of introducing at least one halogen-containing gas to a remote 
chamber, wherein the remote chamber is connected to the interior of 
5 the process chamber; applying a plasma to the halogen-containing gas 
in the remote chamber wherein the plasma activates the halogen- 
containing gas to generate reactive species; introducing the reactive 
species to the process chamber; and employing a rapid heating module 
located in the process chamber, wherein the rapid heating module 

10 comprises a high power lamp assembly, a resistive heater assembly, an 
inductive heater assembly, or a combination of two or more of the 
assemblies, wherein the rapid heating module increases the 
temperature of chamber parts and improves the surface temperature 
uniformity of chamber parts when the module is turned on, thereby 

15 assisting the cleaning activity of the reactive species such that the 
process chamber is cleaned. Representative examples of the halogen- 
containing gas and the process chamber are as disclosed supra. The 
rapid heating module may be located as disclosed supra. 

20 In yet another embodiment of the present invention there 

is provided a method for cleaning a process chamber, comprising the 
steps of introducing at least one fluorine-containing gas to a remote 
chamber, wherein the remote chamber is connected to the interior of 
the process chamber; applying a plasma to the fluorine-containing gas 

25 in the remote chamber wherein the plasma activates the fluorine- 
containing gas to generate reactive species; introducing the reactive 
species to the process chamber; and employing a rapid heating module 
located in the process chamber, wherein the rapid heating module 
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comprises a high power lamp assembly placed at the bottom of the 
process chamber, a resistive heater assembly or an inductive heater 
assembly embedded in the chamber wall next to the liners, or a 
combination of two or more of the assemblies, wherein the rapid 
5 heating module increases the temperature of chamber parts and 
improves the surface temperature uniformity of chamber parts when 
the module is turned on, thereby assisting the cleaning activity of the 
reactive species such that the process chamber is cleaned. 
Representative examples of the fluorine-containing gas and the 
10 process chamber are as disclosed supra. 

Provided herein is a method for cleaning a process 
chamber by employing a rapid thermal process (RTP) module to 
quickly increase the chamber parts temperature during the process 

15 chamber cleaning period. In AKT plasma enhanced chemical vapor 
deposition (PECVD) systems, the deposition process temperature is 
optimized to be around 300°C for the large-size glass substrates. 
Therefore, the process chamber is designed to achieve this 
temperature (Tsub) with the best substrate temperature uniformity. 

20 However, due to the single active heater source, the susceptor, and 
different heat transfer mechanisms, the chamber parts, especially 
those exposed to the deposition plasma, exhibit a strong surface 
temperature variation as shown in Figure 1. 

25 An RTP module, either a high power lamp or embedded 

resistive heating system, can be employed during the chamber 
cleaning period to quickly increase the chamber parts' temperature 
and achieve a better surface temperature uniformity among all parts 
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exposed to the deposition plasma. Since the film dry etch rate 
increases with the surface temperature, such rapid heating method 
will increase the cleaning rate significantly and reduce the 
consumption of cleaning gases. 

5 

Table 1 shows a typical relationship of clean rate vs. 
surface temperature. The data were obtained in an actual AKT CVD- 
3500 chamber. The film etch rate was calculated using the formula: 
Etch rate = (the final thickness - the initial thickness)/etch time. 

10 

TA BLE 1 





Film Type 


Tsusc (°C) 


Approx. Tsub 
(°C) 


Etch Rate 
( A/min) 






120/130 


90 


18448 




SiN 


180/190 


150 


19224 






240/250 


200 


21036 






120/130 


90 


23100 




a-Si 


180/190 


150 


26172 






240/250 


200 


29370 






120/130 


90 


976 




SiO 


180/190 


150 


1 144 






240/250 


200 


1842 



Tsusc: susceptor set temperature (inner heater/outer heater 
combination); Approx. Tsub: the estimated substrate surface 
15 temperature. 



This RTP module can be applied with either in-situ plasma 
cleaning process or the remote plasma source cleaning (RPSC) process. 
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This methodology can be expanded easily by a person having ordinary 
skill in this art to other semiconductor processes in the cleaning of 
CVD or etch chambers. 

5 The following examples are given for the purpose of 

illustrating various embodiments of the invention and are not meant 
to limit the present invention in any fashion. 

10 EXAMPLE 1 

Chamber Wall and Twiner Temperature Mea surement 

In AKT CVD-5500 chamber system, 1/8" thick ceramic 
spacers were added between the liners and chamber wall to study heat 
15 transfer and liner temperature (Figure 1). Eleven thermocouples (TCs) 
were installed, six of which survived (i.e., TCI, TC2, TCS, TC6, TC10 
and TC11). The six surviving TCs were Kepton-taped to different 
places on the chamber wall, liners and shadow frame (for substrate 
clamping purpose). 

20 

TCI was attached to the middle of the left-side liner, while 
TC2 was placed underneath on the chamber wall. Similarly, TCS was 
attached to the middle of the slit valve side liner, while TC6 was 
embedded underneath on the chamber wall. TC10 was placed on the 
25 corner elbow-shaped liner, while TC11 was laid on the shadow frame 
top surface. 
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All the temperature readings were recorded at different 
process conditions though the susceptor temperature was maintained 
at 350/360°C for inner/outer heater combination. With this 
configuration, the substrate temperature can be maintained at roughly 
5 320°C across the entire deposition area. The susceptor heater was the 
only active heating device in the process chamber. 



The results are shown in Table 2. Under the normal 
configuration (left column of Table 2), there exists a great degree of 
10 temperature non-uniformity in the process chamber. For example, 
« shadow frame (TC11) shows the highest reading due to the fact that it 
£ has direct contact with the substrate that lies right on top of the 
2 susceptor. However, the elbow liner at the chamber corner (TC10) 
fy has the lowest temperature reading among all the TCs that are exposed 
yll 5 to the plasma. Though the chamber wall temperature readings (TC2 & 
p TC6) are even lower, it is effectively shielded by the liners and thus 
Sj has no film deposition. The liners, which are made of anodized 
jr aluminum, have achieved the designed purpose of raising the surface 
temperature significantly, i.e., TC1»TC2, TC5»TC6. 

20 

Under different process conditions, there exists a large 
variation of the temperature changes for different chamber parts. Gas 
flow is the most critical parameter in inducing the temperature 
change. H.sub.2 gas flow, for example, induces the greatest 
25 temperature decrease. Other parameters, such as the pressure and 
electrode spacing, may also induce temperature changes to different 
extents. 
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When 1/8" thick ceramic spacers are inserted between the 
liners and chamber wall (right column of Table 2), a vacuum gap is 
created therein and thus the heat conduction is reduced from the 
liners to the chamber walls. It is shown that the degree of 
temperature non-uniformity in the process chamber is not as great as 
that shown in the left column. Thus using ceramic spacers can create 
some temperature uniformity in the chamber, although ceramic 
spacers only achieve limited success in raising the temperature, as 
identified in TC5 and TC10, with N.sub.2 and H.sub.2 flow. However, 
such approach is not quite effective, as the heat loss from the gas flow 
is much stronger than other heat loss mechanisms. Therefore it would 
be advantageous to have another active heating device to effectively 
perform an RTP cleaning of the chamber. 
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TABI K 2 

AKT CVD-5SOO Chamber Wall & T.iner Temperature Measurement 

Normal Configuration 



1/8" thick eeramic spacer 
Under liners 



20 



25 



30 



Process 


TCI 


TC2 


TC5 


TC6 


TC10 


TC11 


No gas, xchg 


250 


154 


240 


149 


228 


279 


No gas, 1500 mil 


268 


156 


254 


159 


244 


296 


lOslm N2/1.577 














1500mil 


202 


141 


186 


135 


156 


298 


lOslm N2/1.5T/ 














750mil 


199 


139 


183 


131 


154 


296 


4slm H2/1.2T7 














lOOOmil 


172 


131 


159 


118 


140 


293 


4slm H2/3.0T/ 














lOOOmil 


155 


127 


145 


114 


123 


298 


12slm N2/TVO(580mT) 












/1600mil 


196 


140 


184 


130 


152 


283 



TCI TC2 TC5 TC6 TC10 TC11 

264 147 255 237? 225 294 

200 119 200 119 171 292 

173 124 ' 170 115 140 294 



(Tsusc = 350/360°C, unit: °C) 
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KXAMPT-K 2 

AKT Fat.-Bel1y-T.iner Chamber 

In AKT CVD-5500 alpha (A) chamber, 45-degree liners were 
5 changed to Fat-Belly type on all sides except the window side (view 
limited). Table 3 shows the clean rate comparison between the 
original and Fat-Belly type 45-degree liners. 

10 

TABI.F, 3 



GH 


SiH4 
(seem) 


Dep. Time 
(sec) 


Dep. Rate 
(20 mm) 


Cln. Time 
(sec) 


Cln. Rate 
( A/min" 


Orig. Liner 


670 


180 


1851 


48 


6941 


Fat-Belly 45-dej 
Liners 


670 


180 


1813 


48.7 


6701 




AH 


SiH4 
(seem) 


Dep. Time 
(sec) 


Dep. Rat( 
(20 mm) 


Cln. Time 
(sec) 


Cln. Rate 
( A/min^ 


Orig. Liner 


1310 


60 


1250 


1 3 


5769 


Fat-Belly 45-de* 
Liners 


1310 


110 


1263 


20 


6947 



15 Dep.: deposition; Cln: clean; GH: high-deposition rate SiNx film; and 
AH: high-deposition rate amorphous silicon (a-Si) film. 
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It is shown that Fat-Belly 45-degree liners did achieve faster 
clean rate in the a-Si cleaning (-20% for AH) case, but in the SiN (GH) 
case, the clean rate is the same (Table 3). Additionally, Fat-Belly 45- 
5 degree liners achieved -2-3% better deposition uniformity in a-Si and 
SiN films. The fat-belly liners are modified liners which are in closer 
proximity to the active heating device (i.e., the susceptor) and have a 
larger thermal mass compared with the standard liners. Though there 
were no active heating elements embedded, the potential of raising the 
10 chamber part's surface temperature and thus promoting cleaning rate 
in the AH film cleaning case with the addition of an RTP module is 
obvious. 



In addition, considering that the corners are still the last 
15 place to clean, and that the corners are of much lower surface 
temperature as measured and shown in Figure 1, it can be concluded 
that further raising the corner liners' temperatures is the key to 
promoting the overall cleaning rate. Embedded active heating device 
in these corner liners may be employed to achieve this goal. 

20 



Rapid Thermal Process 
25 In AKT PECVD systems, a significant amount of cleaning 

time is spent cleaning the chamber peripheral parts, such as liners 
which have the lower surface temperatures due to the close proximity 
to the wall. The rapid heating module can be a high power lamp 
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placed at the bottom of the chamber, or a resistive heater embedded 
in the wall next to the liner, or a combination of both. It is 
contemplated that an inductive heater may also be embedded in the 
wall next to the liner and may be used singly or in combination with 
5 the high power lamp and/or the resistive heater. 

When the module heats up, liners and other chamber parts 
experience a higher surface temperature, which facilitates faster 
cleaning of the film residues. As was shown in Table 1, a higher 
10 surface temperature results in a higher dry etch rate; by extension, 
further raising the surface temperature of the chamber parts through 
the action of an RTP module will increase the cleaning rate. 



Once the cleaning is effectively done, the rapid heating 
15 module is turned off and, due to the effective heat conduction to the 
huge thermal mass of the chamber body wall, the chamber parts' 
temperatures quickly return to the equilibrated process temperature. 
As this process can coincide with the film seasoning period, no 
throughput loss occurs. During the film deposition period, all 
20 chamber parts remain at the normal temperature to provide the 
optimized substrate temperature. 



Specifically, during the cleaning period, a cleaning gas is 
flowed to the chamber (Figure 2). A fluorine-containing gas, a 
25 chlorine-containing gas or a halogen-containing gas may be used as 
the cleaning gas. For example, a fluorine-containing gas, e.g., HF, 
F.sub.2, NF.sub.3, SF.sub.6, C.sub.2F.sub.6, CF.sub.4, C.sub.3F.sub.8, or 
other fluorocarbon gases of the general formula C.sub.xF.sub.y is 
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commonly used for cleaning. A rapid heating module, e.g., a high 
power lamp placed at the bottom of the chamber, or a resistive heater 
embedded in the wall next to the liner, or a combination of both, is 
applied to the chamber to heat up the liners and other chamber parts. 

5 

EXAMPLE 4 

Rapid Thermal Process Combined with Other Cleaning Process 
10 The rapid thermal process may be applied together with 

either in-situ plasma cleaning process, or the remote plasma source 
cleaning (RPSC) process during the cleaning period. In in-situ plasma 
cleaning systems, precursor gases are supplied to the chamber. Then, 
by locally applying a glow discharge plasma to the precursor gases 
15 within the chamber, reactive species are generated. The reactive 
species clean the chamber surfaces by forming volatile compounds 
with the process residues on those surfaces. A rapid heating module, 
e.g., a high power lamp placed at the bottom of the chamber, or a 
resistive heater embedded in the wall next to the liner, or a 
20 combination of both, is applied to the chamber to heat up the liners 
and other chamber parts. 

Alternatively, the plasma may be provided remotely (Figure 
3). A remote plasma source cleaning system comprises a cleaning gas 
25 source connected to a remote activation chamber. The cleaning gas 
source includes a source of a precursor gas, an electronically-operated 
valve and flow control mechanism for controlling the flow of 
precursor gas and a conduit for flowing the gas into the remote 
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# 



activation chamber located outside and at a distance from the process 
chamber. A power activation source, for example a high-power 
microwave generator, is used to activate the precursor gas within the 
remote activation chamber. The remote chamber may be a sapphire 
5 tube and the power source a 2.54 GHz microwave energy source with 
its output aimed at the sapphire tube. The precursor gas may be a 
fluorine-containing gas, a chlorine-containing gas or a halogen- 
containing gas, for example, NF.sub.3. The flow rate of activated 
species is about 2 liters per minute and the process chamber pressure 
10 is about 0.5 Torr. 

^ To activate the precursor gas, the microwave source 

2 delivers about 3,000-12,000 Watts to the remote activation chamber. 

[U A value of 5,000 Watts may be used for many applications. Upon 

Lnl5 activation, reactive species are generated in the remote chamber, and 

O these reactive species (e.g. F radicals) are flowed into the process 

5j chamber wherein cleaning of the chamber occurs as in an in- situ 

% plasma cleaning process. 

20 One skilled in the art will readily appreciate that the 

present invention is well adapted to carry out the objects and obtain 
the ends and advantages mentioned, as well as those inherent therein. 
It will be apparent to those skilled in the art that various modifications 
and variations can be made in practicing the present invention without 

25 departing from the spirit or scope of the invention. Changes therein 
and other uses will occur to those skilled in the art which are 
encompassed within the spirit of the invention as defined by the scope 
of the claims. 
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